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Physical Vapor D position Targ ts 

RELATED APPLICATION DATA 

[0001] This application is a continuation-in-part of U.S. Patent Application Serial 
No. 09/578,829, which was filed on May 24, 2000, and which is a divisional 
application of U.S. Patent Application Serial No. 09/108,610, which was filed on July 
1, 1998, which is now U.S. Patent No. 6,258,719 B1, and which claims priority to 
U.S. Provisional Application Serial No. 60/052,262. This application also claims 
priority to U.S. Provisional Application Serial No 60/306,812, which was filed on July 
19, 2001. 

TECHNICAL FIELD 

[0002] The invention pertains to physical vapor deposition targets, and to 
methods of forming physical vapor deposition targets. 

BACKGROUND 

[0003] Physical vapor deposition targets (such as, for example, sputtering 
targets) are utilized for deposition of thin films of materials. Typically, a physical 
vapor deposition target will be placed within a chamber, and subsequently impacted 
with high energy particles to displace materials from a surface of the target. The 
displaced materials then settle onto a substrate, to form a thin film of the materials 
across the substrate. Commonly, the substrate will comprise a semiconductor 
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construction, and the thin film materials deposited thereon will ultimately be 
incorporated into a semiconductor device. 

[0004] Among the materials which are desired for semiconductor device 
fabrication are various silicon-comprising materials, such as, for example, cobalt 
silicide, nickel silicide, tantalum silicide, titanium silicide, platinum silicide, 
molybdenum silicide, and tungsten silicide. It would be desirable to form targets 
comprising combinations which include one or more of cobalt, nickel, tantalum, 
titanium, platinum, molybdenum and tungsten; in combination with silicon. 
[0005] Refractory metals and their silicides are widely used in CMOS DRAMs and 
logic circuits. Silicides offer lower resistivity compared to doped silicon. In addition, 
silicides also offer higher thermal stability compared to conventional interconnect 
materials such as aluminum. There are several ways to obtain refractory metal 
silicide films on the wafer. The most common method to obtain metal silicide is 
through the salicide process. A salicide process for obtaining titanium silicide film on 
a wafer can comprise the following: 

[0006] 1 . a layer of Ti is deposited on a wafer by sputtering; 

[0007] 2. first rapid thermal anneal (RTA) step: titanium reacts with silicon 

forming TiSi 2 ((C49) phase); this step is done in a nitrogen atmosphere to avoid 

forming TiSi 2 on the oxide and forms a TiN layer on the titanium; 

[0008] 3. the wafer is removed and selectively etched to the TiN and 

unreacted Ti; and 

[0009] 4 a second RTA step is performed whereby TiSi 2 is transformed 

from the high resistivity phase (C49) to the low resistivity phase (C54). 
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[0010] The above-described process involves four steps including two high 
temperature rapid annealing steps. The advantage of RTA versus conventional 
annealing is that RTA reduces the "thermal budget", defined as the time the wafer 
stays in the furnace at high temperature. In general, reducing the thermal budget is 
desirable. An alternative way to obtain a silicide film on a wafer would be by 
depositing a silicide film by sputtering a silicide target. Sputter deposition of silicide 
film using a silicide target offers the following advantages: 
[001 1] 1 . eliminates the need for high temperature rapid thermal annealing 
steps, provided a C54 film can be deposited; 
[0012] 2. reduces silicon consumption from the wafer; 
[0013] 3. eliminates the phase transformation step; and 
[0014] 4. provides an opportunity to deposit an amorphous film. 
[0015] Aluminides of Ti and Ta are useful barrier materials in the manufacture of 
integrated circuits. During the manufacture of integrated circuits Ti and Al layers 
often react to form titanium aluminide during wafer processing. However, formation 
of titanium aluminide during wafer processing is detrimental to the wafer because it 
introduces additional stresses in the film and also consumes Ti and Al from 
interconnect wiring. In order to prevent titanium aluminide formation and 
consumption of interconnect metal in the wafer during processing, it is desirable to 
deposit titanium aluminide by sputtering a titanium aluminide target. Depositing a 
titanium aluminide film eliminates the introduction of stresses associated with 
formation of titanium aluminide and unnecessary consumption of interconnect metal. 
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SUMMARY 

[0016] In one aspect, the invention includes a non-magnetic physical vapor 
deposition target. The target has at least 30 atom percent total of one or more of Co, 
Ni, Ta, Ti, Pt, Mo and W, and at least 10 atom percent silicon. The target also has 
one phase and not more than 1 % of any additional phases other than said one 
phase. 

[0017] In another aspect, the invention includes a non-magnetic physical vapor 
deposition target consisting essentially of Co and/or Ni, silicon, and one phase. 
[0018] In another aspect, the invention relates to a method of making enhanced 
purity stoichiometric and non-stoichiometric articles, such as targets for sputtering 
and related microelectronics applications, and to such articles, including targets. 
Stoichiometric articles are defined as single phase microstructure having a chemical 
composition as predicted by the phase diagram of the constituent elements e.g. 
TiAI 3 , WSi 2 , TiSi 2 , etc. Non-stoichiometric articles are defined as articles, such as 
targets, having a composition different from the stoichiometric composition predicted 
by the phase diagram of the constituent elements e.g. TiSi 24 , WSi 28 , etc. By 
practicing the invention it is possible to fabricate single phase stoichiometric articles, 
such as targets and dual-phase non-stoichiometric articles, such as targets, with 
high densities, higher purity than the starting material, and fine microstructure. 
Higher purity targets are beneficial for sputtering because they lead to less defects 
on the silicon wafer thereby increasing yields. 

[0019] Enhanced purity stoichiometric and non-stoichiometric articles, such as 
sputtering targets, in accordance with one aspect of the invention which possess a 
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density of 95% or higher of theoretical density and a microstructure not exceeding 20 
microns, depending on the chemistry and composition of the article, e.g. target, and 
its constituent elements. 

[0020] Enhanced purity articles, such as targets, are defined as having an overall 
purity (combination of metallic, non-metallic and gaseous components) higher than 
that of the starting material. The articles may be manufactured by using a 
combination of reactive sintering, sintering and vacuum hot pressing. It has been 
R found that such a combination can be performed in situ in a vacuum hot press which 
=F enables the process to be a one-step process to manufacture stoichiometric and 
W non-stoichiometric, such as sputtering targets starting from elemental powders, i.e. 
u elements in powder form. 

2 

ni 

g BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Fig. 1 is a photomicrograph of the grain structure of TiAI 3 target produced 

in accordance with an embodiment of the invention (100X, grain size 18 microns); 

[0022] Fig. 2 is a graph showing the x-ray diffraction pattern of a target produced 

in accordance with one embodiment of the invention; 

[0023] Fig. 3 is a graph of an analysis of titanium silicide; and 

[0024] Fig. 4 is a photomicrograph of the grain structure of TiSi 2 target produced 

in accordance with one embodiment of the invention (100X, grain size 18 microns; 

cracks observed are an artifact of the sample mounting, grinding and polishing 

process). 
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[0025] Fig. 5 is a diagrammatic, cross-sectional view of an exemplary sputtering 
target construction encompassed by the present invention. 
[0026] Fig. 6 is a top view of the Fig. 5 target. 

[0027] Fig. 7 is a graph of temperature versus time illustrating a processing 
sequence which can be utilized in methodology of the present invention. 
[0028] Fig. 8 is a graph of temperature versus time illustrating another processing 
sequence which can be utilized in methodology of the present invention. 

:- : 
-■=>= 

P DETAILED DESCRIPTION 

£5 [0029] One aspect of the invention comprises a one-step method of making 

Jr enhanced purity, high density, fine microstructure sputtering targets using a 
\i combination of reactive sintering and vacuum hot pressing. It is noted that the 
u invention also encompasses variations in the process depending on the starting 

material and final composition desired. 

[0030] A preferred embodiment of the method of the invention comprises a 
process that includes reactive sintering and vacuum hot pressing together. This 
process results in a high density blank, i.e., greater than 95% density, for sputtering 
targets, and to sputtering targets produced therefrom. The invention includes a 
method of making an article particularly useful as a sputtering target having 
enhanced purity comprising metal (M) and either silicon (Si) or aluminum (Al), from 
powder. For the method for producing an aluminide sputtering target, M comprises 
Ti, Fe, Co, Ni and/or Ta, for producing a silicide target, M comprises Ti, Ta, Ni, Cr, 
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Co and/or Pt. The preferred embodiment of the method may comprise the following 
steps, which may be combined or rearranged in order: 

[0031] (a) providing a heat-resisting pressing die having a cavity with a 

configuration and dimensions desirable for producing the desired article, for example 
a sputtering target. The die has at least one movable pressing ram adapted for 
application of axial compaction forces to material in said cavity; 
[0032] (b) blending metal (M) and either silicon (Si) or aluminum (Al) 

powder in proportionate ratio to provide the desired composition, advantageously 
both powders have sizes less than or equal to 45 mm; 

[0033] (c) adding sufficient amounts of the blended mix into the cavity of 

the heat-resistant die so as to be able to yield a dense compact having substantially 
desired dimensions, for example, of a sputtering target; 
[0034] (d) placing the die in the vacuum hot-press chamber; 

[0035] (e) applying a containment pressure to the mixture in the die 

adapted to be under high vacuum conditions by means of at least one moving ram 
capable of applying uniaxial compaction forces; advantageously, the containment 
pressure is sufficient to contain said mixture in said die; 

[0036] (f) evacuating said chamber and said die, preferably about I0" 4 Torr 

or less; 

[0037] (g) heating said die containing the said mixture in the vacuum hot- 

press chamber to a first temperature sufficient to remove moisture and to volatilize 
alkali metals while maintaining uniaxial compaction pressure and a pressure of not 
more than about 10" 4 Torr; 
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[0038] (h) maintaining said first temperature for a time period sufficient to 

substantially remove gases and alkali metals from the mixture; 
[0039] (i) heating the said die containing the said mixture in the vacuum 

hot-press chamber to a second temperature preferably ranging from about 500- 
1500°C to allow the powders to reactively sinter under a containing pressure and 
high vacuum; 

[0040] (j) increasing uniaxial compaction pressure, preferably about 1000- 

6000 psi; 

[0041] (k) maintaining said compaction force under said vacuum and at 

said second temperature for a time sufficient to allow for reactive sintering process to 
complete and effect desired compaction of the said mixture; 

[0042] (I) releasing said compaction force while maintaining high vacuum 

of preferably about 1 0" 4 Torr or less; 

[0043] (m) slowly cooling said die to relieve stresses in the compact while 
maintaining high vacuum, preferably to about 300°C or less and about 10" 4 Torr or 
less; 

[0044] (n) releasing vacuum; 

[0045] (o) removing cooled compact from die; and 

[0046] (p) recovering the article, and further processing as desired to 

produce a sputtering target with desired composition and enhanced purity. 

[0047] Other preferred conditions are: 

[0048] metal powder having particle sizes smaller than about 45 microns, 

including aluminum or silicon powder of a size smaller than about 45 microns; 
[0049] mixing in an inert gas atmosphere; 
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[0050] using a containment pressure in step (e) in the range of about 200- 
1000 psi; 

[0051] heating the die at a rate of up to about 5°C/min to a first temperature 

range of about 300 to 500 °C while maintaining a containment pressure ranging from 
about 200 to 1000 psi and a vacuum of at least 10" 4 Torr; 
[0052] heating the die at a rate of up to about 10°C/min to a second 
temperature range of about 500-1000°C while maintaining a containment pressure 

□ of up to 6000 psi and vacuum pressure of 10" 4 Torr or less; 

£ [0053] heating the die at a rate of up to 1 0°C/min to a densification and 
~! purification temperature range of 900-1 500°C while maintaining a containment 
J* pressure of up to 6000 psi and vacuum of at least 10^ Torr or less; 

□ [0054] slowly cooling the die under a containment pressure of up to about 

s y 

11 6000 psi until the temperature reaches a minimum of 1300°C, whereafter the 
M containment pressure is released, while maintaining a vacuum pressure at 10" 4 Torr 

or less; 

[0055] cooling the die in a vacuum pressure of 10" 4 Torr or less until the 

temperature reaches about 500°C whereafter the die is further cooled by a flowing 
inert gas; 

[0056] the inert gas used to cool the die is helium; 

[0057] the stoichiometric product, for example a sputtering target, comprises 
or consists essentially of one phase with the second phase not exceeding more than 
about 1%; 
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[0058] the non-stoichiometric product, for example a sputtering target, 
comprises or consists essentially of two phases with any and all additional phases 
not exceeding about 1%; 

[0059] the characteristics of the enhanced purity stoichiometric and non- 
stoichiometric article, for example a sputtering target, has a density of at least 95% 
of theoretical density, substantially no porosity, and impurities that have been 
reduced by at least 5%; 

[0060] the density is at least equal to the theoretical density; and 
[0061] the cooled compact has substantially the desired dimensions of the 
article, for example a sputtering target, which is then ground to the final desired 
dimensions. 

[0062] One preferred process route is outlined in Table 1 . In this and all following 
examples, some of the steps may be combined, and the process may be performed 
"in situ" in the same equipment. 
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Tabl 1 



PROfF^^ 9TFP 


GFNFRAL 


PREFERRED CONDITIONS 


□ici iuii iy 


RI<=»nH annrnnriatp nmnnrtinn^ 

of elemental powders 


Ar atmosDhere for 30-90 
minutes depending on 
starting material 


Loading 


Pour into graphite dies and 
load dies into vacuum hot Dress 




Evacuate 


Evacuate chamber to achieve a 
pressure of 10 Torr or less 




Pre-compaction 


To produce "green" compact 


200-1000 psi 


Degassing 


To remove volatile gases and 
moisture 


300-500°C 


Reactive Sintering 


Powders are sintered reactively to 
form desired compounds 


500-1 000°C, 10^ Torr, 
60-240 minutes 


Densification and 
Purification 


Apply additional pressure to 
achieve desired density and 
removal of volatile reaction 
products 


1000-6000 psi, 10^ Torr, 
900-1 500°C 


Cooling 


Slow cooling to prevent thermal 
shock 


Furnace cool under atmosphere 
control 



[0063] The process parameters are defined in ranges because it has been found 
that in order to achieve the desired chemical composition and phases in the 
sputtering target, temperatures, heating and cooling rates, vacuum, hold times and 
pressure should be controlled. The specific process parameters will depend on the 
starting materials and desired composition. 

[0064] It has also been found that sintering powders which react exothermically 
results in adiabatic temperature rises. This sudden rise in temperature causes 
impurities to volatilize which can then be evacuated with a vacuum system. The 
resulting grain size of the near-net sized product depends on the particle size 
distribution of elemental powders, and the nucleation and growth of new phases. 
Since the reaction occurs between powders which are uniformly blended, there are 
innumerable nucleation sites for new phases. Grain growth typically requires high 
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temperatures but the new phases are not held at elevated temperature for extended 
periods of time, and grain growth is restricted, which results in a fine grain structure 
on the sputtering target. The exact grain size or range depends on the starting 
material. High pressures for densification are applied when the temperature rises 
because the reacted powders are then more ductile and easy to compact. 
Accomplishing this results in high densities. As mentioned previously, achieving 
desired phases in the product depends on control of the reactive sintering and 
densification processes in the vacuum hot press. The following examples illustrate 
the process. The invention described above describes a method to achieve 
success. 

[0065] One example of the process for producing TiAI 3 articles is described in 
Table 2. 
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Tabl 2 



1 l\ WO LOO O 1 L_ I 


fiFNFRAL 


PREFERRED CONDITIONS 


Blending 


Blend 37.15 wt%Ti and 62.85 
wt%AI powders in a V-blender 


Ar atmosphere for 60 minutes 


Loading 


Pour into graphite dies and 
load into vacuum hot press 




Evacuate 


Evacuate chamber to achieve 10" 4 
Torr pressure 




Pre-com paction 


Apply pressure to form a compact 


600 psi 


First Degassing 


Remove volatile gases and 
moisture 


350 °C 


Compaction 


To assist the reactive sintering 
process 


4000 psi for 180 minutes 


Reactive Sintering 


Powders are sintered reactively to 
form desired compounds 


600°C T 10^ Torr, hold for 90 
minutes 


Densification and 

rui ii n_»dii u 1 1 


Apply additional pressure to 
arhi^vp dp^irpd densitv and 

aui neve ucoiicu uci loiijf ai iu 

removal of volatile reaction 
products 


5000 psi, 10" 4 Torr, 
600°C hold for 90 minutes 

Note: Pressure for densification can 
be applied either continuously or in 
small increments 


Second Degassing 


To remove volatile gases which 
were not removed by the first 
degassing step 


5000 psi, 10" 4 Torr, 1050°C, hold 
for 60 minutes 


Cooling 


Slow cooling to prevent thermal 
shock 


Furnace cool under vacuum 


Release Pressure 


Release pressure 


Release pressure 



[0066] Since the reactive sintering process is initiated by diffusion and the rate of 
sintering depends on the packing density of the powders, a compaction step prior to 
reactive sintering assists in increasing the reaction rate. The degassing step 
removes moisture. During the reactive sintering process step, the titanium and 
aluminum powders in this example react to produce TiAI 3 . Control of process 
parameters ensures that the reaction occurs uniformly throughout the powder 
mixture resulting in a fine-grained (due to several nucleating sites) single phase 
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near-net shaped TiAI 3 blank. The exothermic nature of the reaction leads to a 
temperature increase which makes the reacted powder mixture plastic and thus easy 
to density. The second degassing step removes the gases given out during the 
exothermic reactive process. The combination of two degassing steps at low and 
elevated temperatures prior to and after the reactive sintering step results in 
reduction of alkali and gaseous impurities and an enhanced purity article especially 
useful as a sputtering target. 

[0067] The advantage of the process is reflected by absence of elemental Ti and 
Al powders in the finished article. This is determined by analyzing the near-net 
shaped blank using x-ray diffraction, SEM/EDS, and Atomic Absorption. 
[0068] Fig. 1 shows the grain structure of a TiAI 3 target processed using the 
process described above. The photomicrograph clearly shows that the grain size is 
less than 20 microns. Fig. 2 shows the x-ray diffraction pattern of a sample piece 
obtained from the target. The x-ray diffraction pattern shows the presence of a 
single phase TiAI 3 compound. 

[0069] Chemical analysis using GDMS, LECO and SIMS confirm that the purity of 
the finished product was higher than that of the original starting powders. 
[0070] An example of a method of making non-stoichiometric TiSi 2 blank useful 
as a sputtering target is described in Table 3. 
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Tabl 3 



PROCESS STEP 


GENERAL 


PREFERRED CONDITIONS 


Blending 


Blend 325 mesh proportions of 
elemental titanium and silicon 
powders 


Ar atmosphere for 60 minutes 


Loading 


Pour into graphite dies and 
load dies into vacuum hot press 




Evacuate 


Evacuate chamber to achieve 10 4 
Torr pressure 




P re-corn paction 


Apply pressure to compact 


736 psi 


Degassing 


To remove volatile gases and 
moisture 


315°C 


Reactive Sintering 


Powders are sintered reactiveiy to 
form desired compounds 


QCCop T^rr -ton mini it<ao 

yoo iu i orr, izu minutes 

Note: Pressure for densification can 
jinnlipH pith^r mntinuouslv or in 

small increments 


Densification and 
Purification 


Apply additional pressure to 
achieve desired density and 
removal of volatile reaction 
products 


5000 psi, 10* 4 Torr, hold for 120 
minutes at 965°C 


Second Degassing 


To remove volatile gases which 
were not removed by the first 
degassing step 


1360°C for 90 minutes; 5000 psi 


Cooling 


oiow cooling to prevent tnermai 
shock 


rurnace cuui unuci vciuuuni uiuii 
temperature reaches 1100°C 
followed by back-filling with He 
and cooling fans 

Note: Cooling rates can be varied 
depending on product requirements 


Release Pressure 


To prevent mechanical shock 
during cooling 


Release pressure at 1 100°C 



[0071] Fig. 3, which represents the analysis of titanium silicide target using x-ray 
diffraction revealed that the target contained two phases as expected. The two 
phases were TiSi 2 and Si. Further analysis indicated that the TiSi 2 is in the C54 
phase, which is a low resistivity phase. The microstructural analysis showed a fine 
microstructure with an average grain size less than 20 microns (Fig. 4). GDMS, 
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LECO and SIMS analysis showed that the overall purity of the target was higher than 
that of the starting powders. 

[0072] Tables 4, 5 and 6 describe typical compositions of titanium aluminide, 
titanium silicide and tungsten silicide, respectively, which may be produced. 
Furthermore, when these compositions are produced as sputtering targets, it has 
been confirmed that the targets will produce films of titanium aluminide, titanium 
silicide and tungsten silicide, respectively, on a substrate. 



Table 4 

99.98% pure TiAI 3 
Units = ppm 



Element 


Maximum 


Element 


Maximum 


Element 


Maximum 


Ag 


1.00 


K 


0.50 


Si 


50 


Al 


MC 


Li 


0.10 


Sn 


5.00 


As 


1.00 


Mg 


10.00 


Th 


0.10 


B 


2.00 


Mn 


10.00 


U 


0.10 


Ca 


10.00 


Mo 


1.00 


V 


5.00 


CI 


10.00 


Na 


1.00 


Zn 


5.00 


Co 


2.00 


Nb 


1.00 


Zr 


5.00 


Cr 


10.00 


Ni 


15.00 






Cu 


15.00 


P 


15.00 


O 


3000 


Fe 


25.00 


Pb 


5.00 


C 


100 


In 


5.00 


S 


15.00 


N 


300 



Maximum Total Metallic Impurities; 200 ppm 

Method of Analysis: C, O, N, by LECO; Na, K, Li by SIMS; all others by GDMS. 

Molar Ratio controlled to within +/- 0.1 of nominal value Major constituents analyzed by Flame A. A. 

Metallographic analysis is routinely performed on each manufactured lot of TiAI 3 ensuring lot-to-lot 
and target-to-target consistency. 
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Table 5 

99.995% pure TiSi 2x x 
Units = ppm 





Element 


Maximum 


Element 


Maximum 


Element 


Maximum 




Ag 


0.10 


K 


0.10 


Si 


MC 




Al 


15.00 


L 


0.0001 


Sn 


3.00 




As 


1.00 


Mg 


0.05 


Th 


0.001 




B 


2.00 


Mn 


0.30 


U 


0.001 




Ca 


2.00 


Mo 


1.00 


V 


1.00 




CI 


10.00 


Na 


5.00 


Zn 


0.50 




Co 


2.00 


Nb 


1.00 


Zr 


2.50 




Cr 


10.00 


Ni 


5.00 








Cu 


2.00 


P 


2.50 


O 


3000 




Fe 


15.00 


Pb 


0.10 


c 


100 




In 


0.10 


S 


5.00 


N j 


100 



Maximum Total Metallic Impurities: 50 ppm 

Method of Analysis: C, O, N, by LECO; Na, K, Li by SIMS; all others by GDMS. 

Molar Ratio controlled to within +/- 0.1 of nominal value. Silicon concentration analyzed by Inductively 
Coupled Plasma Mass Spectrograph or Atomic Absorption techniques. 
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Table 6 

99.995% pure WSi 2x x 
Units = ppm 





Element 


Maximum 


Element 


Maximum 


Element 


Maximum 




Ag 


0.10 


K 


0.50 


Si 


MC 




Al 


2.00 


Li 


0.001 


Sn 


1.00 




As 


1.00 


Mg 


0.05 


Th 


0.001 




B 


0.10 


Mn 


0.30 


U 


0.001 




Ca 


2.00 


Mo 


1.00 


V 


1.00 




CI 


2.00 


Na 


0.50 


Zn 


0.50 




Co 


2.00 


Nb 


0.50 


Zr 


0.50 




Cr 


4.00 


Ni 


1.00 








Cu 


2.00 


P 


2.50 


O 


1000 




Fe 


5.00 


Pb 


0.10 


C 


70 




In 


0.50 


S 


2.00 


N 


20 



Maximum Total Metallic Impurities: 50 ppm 

Method of Analysis: C, O, N, by LECO; Na, K, Li by SIMS; all others by GDMS. 

Molar Ratio controlled to within +/- 0.1 of nominal value. Silicon concentration analyzed by Inductively 
Coupled Plasma Mass Spectrograph or Atomic Absorption techniques. 



[0073] An exemplary target construction which can be formed in accordance with 
methodology of the present invention is described with reference to Figs. 5 and 6. 
Specifically, a target assembly 10 is illustrated, which comprises a copper-containing 
backing plate 12 and a target 14 joined to backing plate 12 through an interface layer 
16. Backing plate 12 can comprise, consist or, or consist essentially of copper. 
Interface layer 16 can comprise a nickel plating, in combination with an indium- 
containing material. Target 14 can comprise, consist of, or consist essentially of one 
or more of cobalt, nickel, tantalum, titanium, platinum, molybdenum and tungsten in 
combination with silicon. In particular embodiments, target 14 can be non-magnetic, 
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and comprise at least 30 atomic % of either cobalt or nickel. The target can further 
comprise at least 10% silicon. In an exemplary application, a non-magnetic target 
comprises CoSi 2 . In other embodiments, the target can consist of, or consist 
essentially of, CoSi 2 . Further, the target can consist of, or consist essentially of 
cobalt and silicon; or alternatively can consist of or consist essentially of nickel and 
silicon. For purposes of interpreting this disclosure and the claims that follow, a non- 
magnetic material is defined as a material having a pass through flux of about 100%. 
Exemplary non-magnetic target compositions of the present invention comprise at 
least 30 atom percent total of one or more of Co, Ni, Ta, Ti, Pt, Mo and W; at least 
10 atom percent silicon; one phase comprising the one or more of Co, Ni, Ta, Ti, Pt, 
Mo and W; and not more than 1% of any additional phases comprising the one or 
more of Co, Ni, Ta, Ti, Pt, Mo and W other than said one phase. The targets can, in 
particular aspects of the present invention, comprise not more than 1% of any 
additional phases other than said one phase comprising one or more of Co, Ni, Ta, 
Ti, Pt, Mo and W. 

[0074] A particular non-magnetic target composition formed in accordance with 
the present invention comprises at least 20 atom percent W, in particular cases at 
least 25 atom percent W, and in some cases about 26 atom percent W; and further 
comprises at least 10 atom percent silicon. Additionally, the target composition 
comprises one phase comprising W and not more than 1% of any additional phases 
other than said one phase. An exemplary target composition will comprise only one 
phase (i.e., will consist of one phase), and such phase will consist of WSi 2 . 
[0075] An exemplary target of the present invention can have a density that 
approaches a theoretical maximum density. For instance, the target can have a 

20 



JM32810-CIP 

density which is at least 85% of the theoretical maximum density. Alternatively, the 
target can have a density which is at least 90% of theoretical maximum density, or at 
least 93% of a theoretical maximum density. 

[0076] An exemplary process for forming a target of the present invention is 
described with reference to Fig. 7. Specifically, a mixture of metal and silicon (such 
as, for example, a mixture of cobalt and silicon) is heated to a first temperature at or 
above 300°C (such as, for example, a temperature of from about 300°C to 500°C) to 
remove volatile components form the mixture. The removal of volatile components 
can alternatively be referred to as degassing of the mixture. 
[0077] The mixture is then ramped to a second temperature of between 300°C 
and 1000°C, and which is utilized for reacting the metal and silicon. The second 
temperature can be, for example, about 600°C to accomplish so-called "reactive 
sintering" as described above in table 2. After the reactive sintering, the material is 
heated to a third temperature which can comprise, for example, a temperature 
between 1000°C and 1400°C, and which is typically a temperature of about 1230°C. 
During such third heating, the material can be compacted to a pressure of from 
about 5000 psi to about 8000 psi, and preferably is compacted to a pressure of 
about 6900 psi, to densify the material. After the final heating, the pressure can be 
released from the material. Preferably, the pressure is released at a rate of less than 
or equal to about 245 psi per minute. It is found that various sputtering targets 
formed in accordance with the present invention will be relatively brittle, and a slow 
release of pressure (specifically, a release at 245 psi per minute or slower) can 
alleviate cracking which can otherwise form in the materials. For instance, it is found 
that targets comprising a mixture of cobalt and silicon can be particularly brittle, and 
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accordingly there can be substantial advantages to releasing the pressure slowly 
from such materials. 

[0078] Fig. 8 illustrates another processing sequence which can be utilized in 
methodology of the present invention. Specifically, Fig. 8 illustrates a processing 
sequence in which a mixture of metal and silicon is first heated to a temperature of 
from about 300°C to about 500°C, and subjected to a pressure of from about 500 psi 
to about 1000 psi, to allow degassing of the material. The pressure can, for 
example, be about 660 psi, and the temperature can, for example, be about 340°C. 
After the initial degassing, the material is heated to a second temperature of from 
about 1000°C to about 1400°C (for example, about 1230°C), and compressed under 
a pressure of from about 500 psi to about 8000 psi (for example about 6900 psi) to 
compact the material. After the compaction, the temperature is reduced to room 
temperature, and the pressure is reduced to atmospheric pressure, with the pressure 
being reduced at a rate of less than or equal to about 245 psi per minute. 
[0079] The processing of Fig. 8 can be advantageous relative to that of Fig. 7, in 
that it eliminates a processing step, and accordingly can save processing time and 
complexity relative to that of Fig. 7. Further, particular materials (such as, for 
example, cobalt silicide) undergo reactive sintering at relatively high temperatures, 
(such as temperatures exceeding about 1000°C), and accordingly it can be 
advantageous to accomplish the compaction and reactive sintering in a common 
step, instead of separating the reactive sintering into a separate step as exemplified 
by the Fig. 7 process. 

[0080] In a particular embodiment a material consisting essentially of cobalt and 
silicon or consisting of cobalt and silicon is subjected to the following processing 
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sequence. The material can be formed by blending cobalt and silicon together for 
about 90 minutes. Initially, the material is ramped to a compression of about 27 tons 
(660 psi) at a rate of about 5 tons/minute (122 psi per minute). The temperature of 
the material is ramped to about 340°C at a rate of about 300 °C/hour during the 
compression. The material is held at the compression of about 27 tons for about 60 
minutes, and is then compressed to about 136 tons (about 3330 psi) at a rate of 
about 3 tons/minute (73 psi per minute) while ramping the temperature to about 
740°C at a rate of about 400 °C/hour. The material is held at the compression of 
about 136 tons for about 60 minutes, and is then compressed to about 282 tons 
(about 6900 psi) at a rate of about 3 tons/minute (73 psi per minute) while ramping 
the temperature to about 1025°C at a rate of about 400 °C/hour. The material is held 
at the compression of about 282 tons and about 1025°C for about 60 minutes, and 
then the temperature is ramped to about 1230°C at a rate of about 400 °C/hour. The 
material is held at the compression of about 282 tons and about 1230°C for about 90 
minutes, and then the heaters are turned off and the compression is released at a 
rate of about 245 psi/minute (10 ton/minute) while the temperature cools at a rate of 
about 1000 °C/hour. The resulting material consists essentially of, or consists of, 
CoSi 2) and has a density that is at least about 93% of theoretical. In a particular 
application, the material had a density of about 5.3 gram/cm 3 , which is about 100% 
of the theoretical density. The CoSi 2 material can be subjected to surface grinding 
and appropriate cleaning, and then formed into a sputtering target. 
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